Background: Foetal haemoglobin (HbF) is a major regulator of the haematologic and clinical features of Sickle cell anaemia (SCA). This study examines the frequency of high HbF concentration and its effect on the levels of indices of iron status in adult SCA subjects on steady clinical state. Materials and Methods: Iron, total iron binding capacity (TIBC), percentage transferrin saturation (TS), HbF and full blood count were determined in adult sickle cell disease and control subjects using spectrophotometric method and haematology analyzer. Results: One hundred (100) adults with SCA on steady clinical state and 50 with normal haemoglobin were recruited for the study. Out of the 100 SCA subjects, 25(25%) had hereditary persistent HbF (HPFH) (≥5%). Serum iron and TS were significantly lower (p<0.001) in SCA subjects compared with controls, while mean TIBC and HbF were significantly higher (p<0.001) in SCA subjects than controls. The mean serum iron and TS were significantly higher (p<0.001) in HPFH SCA subjects compared to SCA subjects with low (≤4.9%) HbF concentrations, while TIBC was significantly lower (p<0.001) in HPFH SCA subjects than those with low HbF concentrations. Conclusion: The indices of iron status were near normal levels in HPFH SCA compared to the levels in SCA with low HbF which may due to increased haemoglobin, relative decrease in intravascular haemolysis and urinary loss of iron. The proportion of SCD subjects with HPFH as observed was 25%. It is suggested that iron status in SCA subjects should be done routinely.
INTRODUCTION
Sickle cell Disease (SCD) is a major health problem in Nigeria which affects more than 1 million persons while over 40 million individuals are carriers of the sickle cell genes [1] . Sickle cell anaemia (SCA) is an inherited disorder of haemoglobin caused by a simple nucleotide substitution of thymidine for adenine of the β-chain that leads to amino acid valine instead of glutamic acid. This substitution is responsible for the alterations in the properties of the haemoglobin tetramer, with the tendencies to polymerize in the deoxygenated state [2] . The SCD is often associated with life -long chronic haemolytic anaemia, recurrent painful crisis, organ damage and decreased life expectancy.
Iron deficiency in SCA may be common than envisage since more circulating iron is often lost through the urine [3, 4] . Also, under nutrition has been recognized as a major complication of SCD that should be attended to as part of clinical care [5] . Because of chronic nature of SCD symptoms, some researchers have advocated low cost self administered oral therapy which may improve patient's outcome. Even though under nutrition has been identified as a critical feature of SCD, the problem has not been sufficiently addressed at an empirical level [5] .
Studies have shown that iron deficiency may be beneficial and ameliorates sickling while overt iron deficiency may be associated with a marked reduction in the number of sickled erythrocytes in blood smears, decreased levels of serum unconjugated bilirubin and lactate dehydrogenase [6, 7, 8] .
Hereditary persistent foetal haemoglobin (HPFH) occurs in some SCA subject in which there is sustained high level of foetal haemoglobin (HbF) in the circulation. During human embryonic and foetal development HbF(γ 2 β 2 ) become the dominant haemoglobin to aid metabolism in the developing foetus.
But after birth the synthesis of HbF is switched to normal adult haemoglobin (α 2 β 2 ). The failure or delay in globin gene switching from HbF gene to normal adult haemoglobin gene in some SCA occurs such that HbF levels remained above normal in some subjects [9, 10] . Failure to switch may occur due to a deletion of both the beta and delta globin genes with the resultant persistence of HbF into adulthood [9, 10] . Foetal haemoglobin is a major genetic regulator of the haematologic and clinical features of SCD, HbF gene are genetically modulated and levels of HbF among sickle erythrocytes may vary in SCD subjects. Iron status in adult SCD patients in relation to HbF concentrations has not been evaluated in this centre. This study therefore examines the frequency of HPFH and its effect on the levels of indices of iron status in SCA subjects on steady clinical state.
MATERIALS AND METHODS

Blood specimen collection:
This was a prospective case-control study of adult SCD patients. The study subjects were randomly selected from among the patients on routine visit to the Sickle cell centre, Benin City, Nigeria. Blood specimens were collected from all the SCD patients who met the inclusion criteria.
Inclusion criteria: All SCD patients diagnosed by cellulose acetate electrophoresis at pH 8.6 and in clinical steady state. Clinical steady state was defined by a steady haematocrit and haemoglobin values over a given period of 4-6 weeks without any symptoms suggestive of crisis which was established clinically by a careful history and physical examinations. The control subjects were ambulatory adults with HbAA selected from among the staff and students of university of Benin, Benin City. The haemoglobin status was confirmed by cellulose acetate electrophoresis at pH 8.6. Informed consent was obtained from both SCA and control subjects. None of the study participants was on any form of iron supplementation for at least two weeks before the sample collection and had not received blood transfusion within 3 months prior to blood collection. Neither were they on any special iron-rich diet.
Ethical Consideration:
The protocol for the study was approved by the ethics committee of the Edo state Ministry of Health before the commencement of study. The individual subjects gave informed consent to participate in the study.
Preparation of samples:
Five (5) milliliters (mL) of venous blood was collected from each subjects with 2.5mL aliquot dispensed into a plain and EDTA anticoagulated containers. The anticoagulated blood was used to determine the full blood count using haematology autoanalyzer while the excess was used to prepare lysate for HbF estimation using alkaline denaturation method. The nonanticoagulated blood was allowed to clot at room temperature and centrifuged at 2000rpm for 10minutes. The supernatant serum was separated into a clean test tube and was used for iron study. The serum was stored at -20 o C for about 2weeks before analyses was done. A control serum was included in the assays to ensure accuracy of determinations.
Methods
Serum iron and TIBC were determined spectrophotometrically using reagent test kits supplied by BioLabo SA. Serum iron bound to transferrin in an acid medium provided by citric acid dissociates, to release ferric ion which is reduced to ferrous form by ascorbic acid. The ferrous iron reacts with chromogen (ferene) to produce a colour complex which is measured at 600nm. The measured absorbance is directly proportional to the amount of iron present in the specimen.
The unsaturated site on apotransferrin is saturated by the addition of sufficient ferric iron, after which the excess is removed by adsorption with basic magnesium carbonate powder. After centrifugation, the bound iron remaining in supernatant is measured spectrophotometrically and the absorbance is directly proportional to the concentration of iron binding capacity present in the sample.
Total iron binding capacity (TIBC) was calculated as iron concentration multiply by 5, while percentage transferrin saturation (TS) was calculated as serum iron divided by TIBC expressed in percent.
Foetal haemoglobin concentration was determined using the method of Betke et al.,1959 [12] . The principle of test is based on the fact that HbF is more resistant to alkaline denaturation than any other haemoglobin. Denaturation is stopped by the addition of ammonium sulphate to lower the pH and precipitate the denatured haemoglobin. After precipitation, the amount of unaltered haemoglobin is measured and expressed as percentage of the total haemoglobin present.
Data Analysis: Data presented were normally distributed as assessed by W/S test for normality. Differences in the data were analyzed by the Student's t-test and p-value <0.05 was considered as significant. Values obtained were presented as mean± standard error of mean (SEM). The measured variables were compared in SCA subjects with HPFH and low HbF concentrations as well as HbAA controls.
RESULTS
One hundred (100) adults (male: female; 57:43) with SCA (HbSS) on steady clinical state and 50 (male : female; 29:21) with normal haemoglobin (HbAA) were recruited for the study. Out of the 100 SCA subjects, 25(25%) had HPFH with HBF ≥5%. The age of the SCA subjects ranged from 18-25 with a mean of 21±0.8years, while the age of the HbAA controls ranged from 18-25 years with a mean of 23±1.2years. Table 2 shows the comparison of measured parameters in HPFH SCA with SCA subjects with HbF levels ≤4.9%. 
DISCUSSION
Studies have shown that HPFH with high HbF have been observed to be important in influencing the clinical course of SCD patients and the frequency of HPFH vary from place to place. This study evaluates the frequency HPFH and its influence on the indices of iron status in SCA subjects from our centre. The proportion of SCA subjects with HPFH observed in this study was 25% and lower than 29% reported in Sokoto, Nigeria and elsewhere [13, 14] . Even much higher prevalence of 37% was reported in SCA subjects in Kampala, Uganda [15] . Our findings was similar to 25% reported in Dakar, Senegal [16] , but higher than 17% observed in 1992 by Fatunde and Scott-Emuakpor in Western Nigeria 17 
.
The overall mean HbF level observed in our study was 4.9±0.53% which was lower than the overall means of 8.8% in Congo [18] , 9.0% in Uganda [15] and 9.1% in Saudi Arabia [19] even though the previous studies were conducted in Children. The presence of HbF within each erythrocyte in SCA subject tends to impair sickling at reduced oxygen tension and has been reported to be clinically protective against SCA associated complications [13, 20, 21] . Foetal haemoglobin levels were associated with a reduced rate of painful crisis episodes, fewer leg ulcers, less acute chest syndromes, osteonecrosis and disease severity [15] . Delay in globin gene switching from haemoglobin delta to haemoglobin beta expression occurs in SCA, such that HbF levels remain high in some subjects [10] . The exact mechanism is not clear but might reflect the slower centripetal regression of red or haematopoietic marrow to the axial skeleton in the presence of expanded erythropoiesis that is the result of sustained hemolysis [10] .This may explain why there are different levels of HbF in SCD patients.
An increased level of serum iron and TS and decreased level of TIBC observed in SCA subjects with HPFH compared to those with low HbF concentration was observed in this study. The increased levels of iron status in those patients with high HbF may be due to increased levels of haemoglobin, decreased intravascular haemolysis and probably decrease in urinary iron loss even though the latter was not determined in this study. Because of increased intravascular haemolysis occurring in SCD patients, most of the circulating iron is lost through the urine [22] [23] which may be contributing factors to low levels of serum iron in SCD patients with low HbF. Increased HbF in SCD patients protects against intravascular haemolysis. Fetal haemoglobin does not only retard sickle cell polymerization but reduce sickle cell concentration, both HbF and its mixed HbS cannot enter deoxy sickle haemoglobin polymer phase. The anti-polymerization effect of HbF resides in the haemoglobin delta. The low levels of iron and TS and increased TIBC is an indication of decreased iron status in SCD subjects with low HbF levels. This is consistent with other studies [22, 23] . They reported that iron deficiency was associated with a decrease in HbF concentration.
The indices of iron status in SCD were lowered than those observed in controls. This observation is not in agreement with others which reported that serum iron and TS were normal or modestly elevated in patients with SCA [24, 25] . Some researchers have argued that low serum iron levels may be ameliorating sickling in SCA subjects and prolong sickle cell survival. It was demonstrated that 51 Cr-labeled autologous red cell survival in SCA patient with low indices of iron status showed a half-life of 15.9 days which was decreased to 5.2days upon iron supplementation [11] . The lower red cell production due of lack of iron appeared to have compensated by the improvement in red cell survival. The indices of iron status observed in our study were lower than that reported in multiple transfused SCD patients [26] . They reported that increased levels of iron, TS, and decreased TIBC in multiple transfused SCD patients suggests an increase in iron stores and the patients may be at risk of developing iron overload [26] . None of our studied subjects had transfusion within the last 3months prior to blood collection. Ray et al 27 reported that patients with sickle cell trait (SCT) had more chances to have decreased iron status than SCA. It was also observed that malnutrition was common in SCA than SCT even though malnutrition may be the major risk factor of iron deficiency anaemia. No patient with SCT was enlisted in this study.
The observed decreased levels of mean corpuscular haemoglobin concentration (MCHC) in SCA subjects compared to controls is consistent with that previously reported [11, 28] . The decrease in mean corpuscular sickle haemoglobin concentration (MCHC-S) in SCD patients may cause a substantial delay in sickle haemoglobin polymerization. Prolongation of gelation time delay in excess of the capillary transit time would allow the sickle cells to transverse the capillary bed to escape to the arterial side before the occurrence of sickle haemoglobin polymerization, rheologic impairment and subsequent vascular occlusion [11, 27] .
CONCLUSION
The increased levels of indices of iron status observed in HPFH SCD compared to the levels in SCD with low HbF may be due to increased haemoglobin, relative decrease in intravascular haemolysis and probably reduced urinary loss of iron. The proportion of SCD subjects with HPFH as observed was 25%. Further study of urinary iron loss in SCD patients is suggested.
